INTRODUCTION
============

Diabetes is a major cause of premature death and disability worldwide. The prevalence of diabetes is increasing rapidly worldwide from 4.7% in 1980 to 8.5% in 2014.[@B1] In Korea, diabetes is the fifth most common cause of death and the age-standardized prevalence of diabetes is steadily increasing from 8.6% in 2001 to 11.0% in 2013.[@B2] Furthermore, Korea is ranked fourth among OECD countries in diabetes mortality.[@B3]

Glycemic control is very important for people with diabetes. Uncontrolled diabetes leads to complications in many organs such as chronic renal failure, blindness, cardiovascular disease and lower limb amputation.[@B1] Glycemic control can be assessed by the glycated hemoglobin level (HbA1c), a measure of the average glucose level over the past 2-3 months. The Diabetes Control and Complications Trial (DCCT)[@B4] and UK Prospective Diabetes Study (UKPDS)[@B5] have demonstrated that reducing HbA1c can reduce the risk of microvascular complications in type 1 and type 2 diabetes. Additionally, intensive control of type 1 diabetes patients substantially reduces the risk of cardiovascular disease outcomes.[@B6] However, whether or not intensive blood glucose control in type 2 diabetes can reduce the risk of macrovascular complications is controversial.[@B7]

To date, many cohort studies have studied the association between HbA1c levels and mortality in diabetic patients. Most of the previous studies have shown that HbA1c levels are positively associated with mortality in diabetic patients.[@B8] Some studies have shown nonlinear associations such as U-shaped or J-shaped associations between HbA1c and mortality.[@B9][@B10][@B11] However, to the best of my knowledge, there is no study of the association between HbA1c and mortality in diabetics in Korea. The purpose of this study was to evaluate the association between HbA1c levels and all-cause mortality in type 2 diabetes mellitus.

MATERIALS AND METHODS
=====================

1. Subjects
-----------

Details of the study population and the baseline survey have been published previously.[@B12] The baseline survey was conducted in 2009 on type 2 diabetics who were enrolled in the public health center of Gokseng-gun, Jeollanamdo, Korea. The public health center registered and managed 594 diabetic patients with low incomes (less than 120% of the minimum cost of living). Almost all of the low-income diabetics in the area were enrolled in the public health center. They were invited to participate in the survey by telephone. Of these, 380 participated in the baseline survey. Twenty-eight patients were excluded from the analysis because they could not provide a blood sample or there were any missing value for covariates; therefore, the final analysis included 352 patients. The study followed the Helsinki Declaration Guidelines and obtained written consent from all subjects. The study protocol was reviewed and approved by the Institutional Review Board (I-2008-11-135).

2. Assessment of covariates
---------------------------

Using a structured questionnaire, well-trained interviewers collected information on cigarette smoking, alcohol consumption, exercise, duration of diabetes, antihypertensive medication, dyslipidemia medication, and any past history of cardiovascular disease. Education was categorized as elementary or higher and no education. Smoking was classified as ever smokers (current or former) and non-smokers. Alcohol consumption was classified as current drinkers and non-drinkers. Leisure time exercise was rated on a 5-point scale and dichotomized as high (very often or always) and low (never, rarely or sometimes). Weight was measured to the nearest 0.1 kg and we measured height up to the nearest 0.1 cm with light clothes without wearing shoes. Body mass index (BMI) was calculated by dividing body weight (kg) by body height (m^2^). After resting for 5 minutes, blood pressure was measured twice with a standard mercury sphygmomanometer every minute and average blood pressure was used for the analysis. The concentrations of fasting glucose, creatinine, total cholesterol, triglycerides and high-density lipoprotein (HDL) cholesterol were measured using an automatic analyzer (HITACHI-7600, Hitachi, Tokyo, Japan). The estimated glomerular filtration rate (eGFR) was calculated according to the Modification of Diet in Renal Disease (MDRD) equation.[@B13] HbA1c levels were determined using a Bio-Rad Variant II HPLC System (Bio-Rad, Hercules, CA, USA).

Experienced medical doctors performed carotid ultrasonography with a high resolution B-mode ultrasound (SONOACE 9900, Medison, Korea). Intima-media thickness (IMT) was defined as the distance between the leading edge of the lumen-intima echo and the leading edge of the media-adventitia echo. The mean carotid IMT was defined as the mean of the right and left common carotid artery IMT. Carotid plaque was defined as a focal protrusions into the lumen that were 100% thicker than the nearest area. The ankle brachial index (ABI) were measured by an automated device (VP-1000; Colin Co., Komaki, Japan). Peripheral arterial disease (PAD) was defined as having one of the ABI values less than 0.9.

3. Follow-up and ascertainment of deaths
----------------------------------------

To determine whether participants were deceased, they were followed from the date of baseline survey until death or July 31, 2016. Participants or surrogates were contacted by telephone or personal contact. For those who could not be contacted through the most recent address, Information on death status and date of death was obtained from health administrative data of the public health center.

4. Statistical analysis
-----------------------

Participants were divided into 5 groups according to the level of HbA1c at baseline: \<6.5%, 6.5-6.9%, 7.0-7.9%, 8.0-8.9% and ≥9.0% and the characteristics of the baseline study were expressed as mean and standard deviation in the case of continuous variables, and the categorical variables were expressed in numbers and percentages. Baseline characteristics of study participants across HbA1c categories were compared using chi-square tests for categorical variables and analysis of variance for continuous variables. The Cox proportional hazards model was used to calculate hazard ratios (HRs) and the corresponding 95% confidence intervals (CIs) for all-cause mortality. HbA1c levels of 6.5 to 6.9 was used as the referent category because there was the lowest risk of mortality at this range of HbA1c. All covariates were used sequentially as independent variables according to the following three models: age and sex were adjusted in model 1; body mass index, education level, smoking, alcohol intake and exercise were further adjusted in model 2; diabetic duration, history of hypertension, dyslipidemia, heart disease and cerebrovascular disease, systolic blood pressure, total cholesterol, HDL cholesterol, log triglyceride, eGFR, carotid IMT, carotid plaque and peripheral arterial disease were further adjusted in model 3. Age- and sex- adjusted mortality rates per 100 person-years across HbA1c categories were calculated using Poisson regression with robust variance. All tests were two-tailed and evaluated at a significance level of 0.05. All analysis was performed using STATA 14 (STATA Corp, College Station, TX).

RESULTS
=======

The mean age of the subjects at baseline was 69.8 years and 68.5% were women. The mean duration of diabetes was 8.8 years, and mean HbA1c levels were 7.4%. During the mean follow-up period of 6.9 years, 77 patients (21.9%) died. The baseline characteristics according to HbA1c categories are shown in [Table 1](#T1){ref-type="table"}. Mean age gradually decreased as HbA1c levels increased, whereas diabetes duration, triglyceride levels and education attainment increased with increasing HbA1c levels. Preexisting heart disease was more common in subjects with HbA1c levels of 8.0-8.9%.

[Fig. 1](#F1){ref-type="fig"} shows a J-shaped association between HbA1c categories and age- and sex-adjusted all-cause mortality. The all-cause mortality rate per 100 person-years was the lowest at HbA1c levels of 6.5-6.9% and the highest at HbA1c levels of ≥9.0%. [Table 2](#T2){ref-type="table"} summarizes the association between HbA1c categories and all-cause mortality. After adjusting for age and sex (model 1), a J-shaped association was found between HbA1c and all-cause mortality, with the lowest mortality at 6.5-6.9% of HbA1c levels. When the model was fully adjusted for potential confounding variables (model 3), the association was slightly attenuated and remained significant. Compared to patients with HbA1c of 6.5-6.9%, those with \<6.5%, 7.0-7.9%, 8.0-8.9% and ≥ 9.0% had an increased HR (95% CI) for all-cause mortality of 1.71 (0.76-3.84), 1.23 (0.53-2.82), 1.32 (0.51-3.44) and 2.66 (1.01-7.02), respectively.

DISCUSSION
==========

In this prospective study of type 2 diabetes, we found that a J-shaped association was observed between HbA1c levels and all-causes mortality and an excess mortality rate was observed in both low and high levels of HbA1c. In addition, the lowest risk of all-cause mortality was observed at HbA1c levels of 6.5-6.9%. This association remained after adjusting for potential confounders.

Many observational studies have demonstrated that HbA1c levels are positively associated with mortality in diabetic patients. In a meta-analysis,[@B8] a 1% increase in HbA1c in patients with type 2 diabetes was associated with a 15% increase in all-cause mortality (HR 1.15, 95% CI, 1.11 to 1.20). However, in line with the findings of the present study, several studies have suggested non-linear association. Two large, retrospective cohort studies found a U-shaped association between HbA1c and mortality.[@B9][@B10] Huang et al.[@B9] conducted a study involving 71,092 patients with type 2 diabetes from the Kaiser Permanente Northern California and found that the mortality rate was lowest in patients with HbA1c of 7-7.9% (HR 0.83, 95% CI, 0.76 to 0.90) compared with those with HbA1c \<6.0% and highest in those with HbA1c ≥11.0% (HR 1.31, 95% CI, 1.09-1.57). Currie et al.[@B10] conducted a study involving 27,965 patients with type 2 diabetes in the UK General Practice Research Database and found a U-shaped association, with the lowest mortality risk at about 7.5% of HbA1c levels. In another study of type 1 diabetic patients, Schoenaker et al.,[@B11] found a U-shaped association with nadir at HbA1c 8.1%. Nonlinear associations obtained from observational studies are also consistent with the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial,[@B14] in which there was an increase in mortality in the intensive arm targeting HbA1c levels of less than 6%. In addition, there was no reduction in cardiovascular events with intensive glycemic control in two randomized controlled studies.[@B15][@B16]

The potential mechanism underlying the association between low HbA1c and increased all-cause mortality remains unclear. The association between low HbA1c and higher mortality may be explained by hypoglycemia as the most common adverse effect of diabetes treatment and residual confounding by comorbidities. First, previous studies have shown that lower HbA1c levels are associated with higher risk of hypoglycemia which is associated with unfavorable health outcomes. A recent meta-analysis reported that severe hypoglycemia represents about twice the risk of cardiovascular disease.[@B17] In the DCCT, severe hypoglycemia risk increased more than threefold in the intensive diabetes therapy group 4. In the Diabetes and Aging Study, Lipska et al.[@B18] found that there was a higher risk of hypoglycemia in patients with near-normal glycemia (HbA1c \<6%) and those with poor glycemic control (HbA1c ≥9%). In the ACCORD study, the risk of severe hypoglycemia was higher in the intensive treatment group compared to the standard treatment group.[@B14] However, because of the lack of information on hypoglycemia in the baseline study of this study, it was not possible to compare the difference in hypoglycemic experience between the HbA1c groups. Furthermore, comorbid conditions may be a confounding factor. Older diabetic patients with low HbA1c levels may suffer from poor nutritional status, frailty, or sarcopenia.[@B9] In a study of non-diabetic subjects, participants with low HbA1c values had elevated mean cell volume, ferritin, and liver function measures which may increase all-cause mortality.[@B19] Greenfield et al found that type 2 diabetic patients with multiple comorbidities may receive diminished cardiovascular benefits with intensive blood glucose control.[@B20] This possibility is also supported by previous population-based studies that have shown a nonlinear association between HbA1c levels and all-cause mortality in adults without diabetes.[@B19][@B21][@B22][@B23] Data from the Atherosclerosis Risk in Communities study showed a J-shaped relationship between HbA1c and mortality in people without diabetes.[@B22] Similarly, a study conducted using the nationwide German National Health Interview and Examination Survey showed a U-shaped association, with the lowest mortality at HbA1c levels of 5.4-5.6% and an excess mortality at ≤5.0% and ≥6.4%.[@B23] Another study from the US National Health and Nutrition Examination Survey showed an inverted J-shaped association.[@B19] In their study, compared with HbA1c levels of 5.0-5.4%, very low HbA1c (\<4.0%) was associated with a higher all-cause mortality risk (HR, 2.90; 95% CI, 1.25 to 6.76). Although the present study adjusted for many potential confounders related to some comorbid conditions, the possibility of residual confounding from comorbid conditions that were not measured could not excluded.

The main strength of this study is the cohort design. To the best of my knowledge, this is the first study to evaluate the association between HbA1c and mortality in diabetic patients in Korea. In addition, the strengths of this study further derive from that fact that it includes data on a wide range of potential confounders. However, this study had several limitations. First, because this is an observational study, the possibility that there were differences among the two groups other than the difference in HbA1c levels cannot be completely excluded. Second, study subjects were restricted to low socioeconomic status which limits generalizability of study findings to other patient populations. Third, changes in glycemic control may contribute to the change in hazard ratio over time. However, we were only able to measure HbA1c at baseline only and could not measure the changes over time. Fourth, we evaluated only all-cause mortality and we could not perform cause-specific mortality analysis.

In conclusion, J-shaped relationships were found between HbA1c levels and over-all mortality in Korean type 2 diabetic patients. Further research is needed to determine the causal mechanisms linking low HbA1c levels and mortality.
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###### Baseline characteristics according to categories of glycated hemoglobin (HbA1c)

![](cmj-53-223-i001)

HDL: high-density lipoprotein, GFR: glomerular filtration rate.

###### Association between categories of glycated hemoglobin and all-cause mortality
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Data are hazard ratio (95% confidence intervals). Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, body mass index, education level, smoking, alcohol intake and exercise. Model 3 was further adjusted for diabetic duration, history of hypertension, dyslipidemia, heart disease and cerebrovascular disease, systolic blood pressure, total cholesterol, log triglyceride, HDL cholesterol, estimated glomerular filtration rate, carotid intima-media thickness, carotid plaque and peripheral arterial disease.
